This study tested the hypothesis that highly fretful, narcotic-withdrawing neonates experience less distress in a prone-lying position than comparable, supine-lying neonates.
Within the first days of life, most infants born to narcotic-dependent women experience a stressful withdrawal syndrome marked by tremor, sleeplessness, hypertonia, irritability, and autonomic and gastrointestinal symptoms. 1, 2 Moderate to severe neonatal withdrawal is associated with increased mortality and morbidity 3, 4 and is typically treated with low-dose opiates (paregoric, tincture of opium) or barbiturates (phenobarbital) and behavioral interventions such as swaddling, rocking, and increased feeding. 5, 6 Even when treated aggressively, neonatal withdrawal can require lengthy intervention and persist for weeks in a subacute form. 7, 8 Over the past 25 years, numerous studies have confirmed that infants laid prone enjoy a range of behavioral and physiological advantages. The positive consequences of prone position for sleep include: fewer awakenings and increased time in quiet sleep, 9 ,10 more sleep with higher arousal thresholds, [11] [12] [13] lower levels of activity, 14, 15 enhanced respiratory control, 16 -18 and diminished heart rate variability. 11, 17 Newborns laid prone cry much less than supine-lying infants 11 and have decreased energy requirements.
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Although the precise physiological mechanism constituting the pronate quieting response has not been elucidated, the phenomenon has been put to good purpose by investigators concerned with preserving the preterm or high-risk infant's often precarious metabolic margin. [22] [23] [24] Interestingly, the pronate quieting response has not been investigated with infants who are among the most consistently fretful, sleep-fractured of newborns -infants withdrawing from prenatal exposure to narcotics.
We hypothesized that newborns undergoing neonatal withdrawal, an acutely stressful, protracted, excitability syndrome, would be positively affected by position; we predicted that withdrawing newborns laid prone (face down) for sleep would be less symptomatic than similar neonates laid supine (face up). Symptomatic status, excitability, was reflected in this study using Neonatal Abstinence Scoring System (NASS) 25 withdrawal severity scores and increased caloric intake. The NASS is a comprehensive, 21-item, weighted checklist of withdrawal signs. It is used widely for clinical monitoring of neonatal withdrawal and has been demonstrated empirically in studies of the sucking response of narcotic-withdrawing infants, 26 as well as in the assessment of pharmacotherapy 27 and adjunctive care of these newborns. 28 Inter-rater reliability of the NASS (withdrawal severity) scores ranges between 0.80 and 0.88. 29 Because the NASS includes every possible sign of neonatal withdrawal, it is a sensitive and valid measure of symptomatic withdrawal status. Increased caloric intake, our secondary outcome measure, is a concrete and quantifiable indicator of infant distress, reflecting both the increased hunger of the busy, fretful, calorie-burning newborn and the increased feeding patterns initiated to soothe that newborn.
METHODS

Subjects
The subjects were 48 newborns of narcotic-dependent women, successive admissions to the University of Medicine and Dentistry of New Original Article
Jersey (UMDNJ) University Hospital Intermediate Care Nursery (Newark, NJ) for neonatal withdrawal. All subjects had urine toxicology findings that were positive for heroin and/or methadone. Neonates with sepsis, congenital anomalies, respiratory disease, metabolic disorder, gastroesophageal reflux, and intraventricular hemorrhage were excluded. Also excluded were infants who were small for gestational age and infants of breastfeeding mothers.
Procedures
The study protocol was conducted with the approval of the UMDNJ New Jersey Medical School Institutional Review Board. Consistent with standard practice in this nursery, all newborns admitted to the Intermediate Care Nursery were monitored for signs of withdrawal with the NASS. Infants showing initial signs of withdrawal (2 successive NASS scores of Ն5) were randomly assigned to the prone (n ϭ 25) or supine-lying (n ϭ 23) condition. Infants in the prone group were swaddled and laid belly down for sleep; infants in the supine group were swaddled and laid on their backs. Standard practice in the nursery at that time of this study was to keep all infants supine. Also per usual practice, subjects were fed every 3 to 4 hours, Յ800 calories per 24 hours; caloric intake was recorded at each feeding; infant weight was noted daily, at 8:00 AM. Subjects' withdrawal severity was assessed by standard administration of the NASS every 2 or 4 hours, depending on time from onset of withdrawal, as recommended by developers of the NASS. Nurses carrying out withdrawal severity scoring and recording caloric intake and daily weight were blind to the study hypothesis. Pharmacotherapy of infants was individualized and managed by attending neonatologists. On discharge home, all subjects' parents were instructed to position their infants supine for sleep, as per the recommendation of the American Association of Pediatrics. 30 Study data: NASS scores, caloric intake, and weights were collated retrospectively, after the last subject's discharge from the hospital.
Data Analysis
Caloric intake was summed on a 24-hour basis and divided by the daily weight (cal/kg per 24 hours). Subjects' mean and peak NASS scores, caloric intake, and rate of daily weight gain were determined. Because NASS scores are truncated and noncontinuous between groups, withdrawal severity score means were compared with Wilcoxon's two-sample ranks test. Mean caloric intake was compared between groups by the paired t-test. Significance was set at p Ͻ 0.05.
RESULTS
The demographic profile of the study population in Table 1 shows that infants assigned to prone and supine conditions did not differ with regard to birth weight, gestational age, racial background, or mode of delivery. Subjects in the two groups did not differ with regard to prenatal drug exposure. A significant number of the study subjects were polynarcotic exposed (33%) and narcotic plus cocaine exposed (60%) ( Table 1) , a drug-exposure pattern that is consistent with the larger sample of newborns treated for narcotic withdrawal in that nursery. All 48 subjects' withdrawal symptoms reached treatment threshold levels (two successive NASS scores of Ն8), causing them to receive pharmacotherapy for symptom management.
As shown in Figure 1 , supine-lying, narcotic-withdrawing infants had significantly higher peak withdrawal severity (NASS) scores (13.17 Ϯ 2.03) compared with those in the prone group (10.52 Ϯ 2.08); p Ͻ 0.0001. Mean NASS scores were also significantly higher in the supine-lying group (7.60 Ϯ 0.70) compared with the prone-lying group (5.11 Ϯ 0.64); p Ͻ 0.0001. Supine-lying subjects had higher mean caloric intake (133 Ϯ 11.2 cal/kg per 24 hours) than pronelying neonates (100 Ϯ 9.4 cal/kg per 24 hours), a significant difference ( p Ͻ 0.001). All 48 study infants had a routine clinical course. There were no episodes of apnea, aspiration, or seizures.
DISCUSSION
The study findings confirm that even the most highly agitated infants can enjoy a significant reduction in distress by being laid prone for sleep. As predicted, narcotic-withdrawing newborns experienced significantly lower levels of distress and lower withdrawal scores when laid face down (prone) for sleep compared with similar infants kept face up (supine). The difference (30%) between the prone-and supine-lying groups was clinically significant and was matched by a symmetrical increase in feeding by supine newborns (30%).
A limitation of this study was predestined by use of the NASS to assess withdrawal severity. As designed and administered, the NASS does not allow for case-blind evaluation of neonatal withdrawal. In stipulating that withdrawal scoring be conducted by the nurses involved in an affected infant's care, the NASS introduces the possibility of observer bias. Although nurse-raters did not know the study hypoth- p not significant for all comparisons.
Journal of Perinatology (1999) 19 (7) 510 -513 esis and measures were taken to reduce the likelihood of their discerning our outcome measures, the manifest novelty of the experimental manipulation may have influenced them in their assessments of subjects' withdrawal severity. To limit the possibility of observer/rater bias in the future, withdrawal severity should be estimated with the Neonatal Withdrawal Inventory, 31 a reliable measure, not available at study time, that allows case-blind evaluation.
No effort was made to quantify the degree of prenatal narcotic and cocaine exposure suffered by our subjects. Consideration of the dose-related effects of prenatal narcotic and stimulant exposure on neonatal distress warrants consideration but was beyond the scope of this investigation. The frequency and influence of our subjects' coexposure to alcohol and tobacco was also undetermined in this study. Under everyday circumstances, narcotic use often occurs in combination with the use of these common psychoactive drugs. Attempting to specify or control their potential influence was not expected to enhance understanding of the phenomenon under consideration.
The physiology of pronate quieting has not been fully articulated. The mechanism by which position affects neonatal state calls for continued investigation. Prior research indicates that autonomic 17, 32 as well as cardiorespiratory and somatosensory 33, 34 effects contribute to the quieting response. Future exploration may consider the functional integration of these systems and attempt to specify the neurochemical dimensions of pronate quieting.
Further clinical exploration of the pronate quieting response in narcotic-addicted infants is desirable. A larger-scale study of withdrawing neonates may be necessary to confirm the safety of prone positioning for these high-risk infants. Given a standardized pharmacotherapy protocol for addicted newborns, it should be possible to determine whether the reduced behavioral expression of distress promoted by prone positioning can be matched by reduced levels of treatment dosing and a shorter duration of treatment. Careful consideration of the sleep architectural and autonomic responsiveness of narcotic-withdrawing infants under conditions of noninvasive pacification, including positioning, massage, and noise reduction, is recommended and may lead to improved care of these distressed infants. 
